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57 ABSTRACT

Atransmissive screen formed in an arc shape around a center
axis, and, when light entering an inner circumferential
surface is output from an outer circumferential surface,
having a diffusion angle in a first direction as a direction
along the center axis wider than a diffusion angle in a second
direction as a circumferential direction around the center
axis, projection devices that are arranged at equal intervals
along the second direction around the center axis and
respectively project image lights on the inner circumferen-
tial surface, and a display control device that allows the
projection devices to project the image lights so that partial
images formed by portions of the respectively projected
image lights of the projection devices may be observed as
one visually recognized image having the partial images
arranged in the second direction at viewpoints set outside of
the outer circumferential surface along the second direction
are provided.

7 Claims, 22 Drawing Sheets
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1
DISPLAY APPARATUS

BACKGROUND

1. Technical Field

The present invention relates to a display apparatus.

2. Related Art

In related art, a display apparatus that includes a cylin-
drical casing, displays an image in response to a position of
an observer moving in the circumferential direction of the
casing, and thereby, allows stereoscopic visual recognition
of the image using motion parallax has been known (for
example, see Patent Document 1 (Japanese Patent No.
3955582).

The display apparatus disclosed in Patent Document 1
includes an electronic projector, a rotation mechanism unit,
a screen, a mirror, and a polygonal mirror. In the display
apparatus, the electronic projector projects a projected
image in which frame images as images of the same object
from respectively different positions are arranged in a ring
form, and the projected image is folded by the mirror. The
respective frame images contained in the folded projected
image are allowed to enter the annular polygonal mirror
surrounding the screen. The polygonal mirror includes a
plurality of groups of mirrors and reflects the respectively
entering frame images toward the screen.

The screen is rotated about the center axis of the casing by
the rotation mechanism unit, and reflects the respective
frame images entering from the respective mirrors forming
the polygonal mirror when rotated to the positions opposed
to the mirrors. On the screen, a viewing angle limiting filter
that limits the viewing angle so that the adjacent frame
images may not be seen is provided, and thereby, the
observer may see only the frame image in response to the
direction of the observation of the screen from the position
of the observer. Accordingly, the observer may observe the
different frame images in response to the respective posi-
tions of viewpoints of observation of the screen while
moving along the circumferential direction of the display
apparatus and changing the viewpoints, and thereby, may
stereoscopically visually recognize objects contained in the
images using motion parallax.

However, in the display apparatus disclosed in Patent
Document 1, the respective frame images as portions of the
projected images from one or more projectors are reflected
by the polygonal mirror to enter the screen. Accordingly, the
images observed by the observer are only small areas in the
projected images of the projector, and there is a problem of
lower resolution and blur with the visually recognized
images.

SUMMARY

An advantage of some aspects of the invention is to
provide a display apparatus that enables clear visual recog-
nition of a stereoscopic image.

A display apparatus according to an aspect of the inven-
tion includes a transmissive screen formed in an arc shape
forming at least a part of a cylindrical shape around a center
axis, and, when light entering an inner circumferential
surface is output from an outer circumferential surface,
having a diffusion angle in a first direction as a direction
along the center axis wider than a diffusion angle in a second
direction as a circumferential direction around the center
axis, a plurality of projection devices that are respectively
arranged at equal intervals along the second direction around
the center axis and respectively project image lights on the
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inner circumferential surface, and a display control device
that allows the plurality of projection devices to project the
image lights so that partial images formed by portions of the
respectively projected image lights of the plurality of pro-
jection devices may be visually recognized as one visually
recognized image in which the partial images are arranged
in the second direction at a plurality of viewpoints set
outside of the outer circumferential surface along the second
direction.

Note that the screen does not necessarily have the cylin-
drical shape, and may have a partial arc shape in the
circumferential direction (second direction) of the cylindri-
cal shape around the center axis.

According to the aspect, the image lights projected from
the plurality of projection devices on the inner circumfer-
ential surface of the screen are output to be wider in the first
direction along the center axis and narrower in the second
direction as the circumferential direction around the center
axis when output from the outer circumferential surface of
the screen. Accordingly, at one of the plurality of viewpoints
set along the second direction outside of the outer circum-
ferential surface, partial images as portions of images
formed by the image lights output from the respective
projection devices are visually recognized. That is, at the one
viewpoint, the image in which the partial images contained
in the projected images by the respective projection devices
in the different positions of the respectively projected
images are arranged along the second direction may be
visually recognized. Further, the display control device
allows the respective projection devices to project the pro-
jected images using the partial images in the positions
entering the respective viewpoints as the partial images in
response to the viewpoints, and thereby, the visually recog-
nized images different at the respective viewpoints may be
visually recognized. In this regard, the display control
device allows the respective projection devices to project
projected images as images of the same stereoscopic image
of'an observation object respectively seen from the positions
in response to the view points, which form the visually
recognized images at the respective viewpoints, and thereby,
the observation object contained in the visually recognized
images may be stereoscopically visually recognized.

Further, the visually recognized image is an image in
which the partial images projected from the respective
projection devices are arranged in the second direction, and
thus, the resolution of the visually recognized image may be
improved compared to the configuration disclosed in Patent
Document 1. Therefore, the observation object as the ste-
reoscopic image may be clearly visually recognized.

In the aspect, it is preferable that, when the plurality of
projection devices are seen the first direction, respective
output parts of the image lights are located inside of the
cylindrical shape.

According to the aspect, the output parts of the image
lights in the plurality of projection devices are located inside
of the cylindrical shape as an extension of the arc-shaped
screen, and thereby, the display apparatus may be down-
sized.

In the aspect, it is preferable that the screen has a direction
adjustment layer that adjusts a traveling direction of the light
output from the outer circumferential surface when the light
entering the inner circumferential surface is output from the
outer circumferential surface.

Here, for example, when the plurality of projection device
are located at one end side in the first direction with respect
to the screen, the respective projection devices project image
lights from one end side toward the other end side. In this
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case, the viewpoint is nearly at the center of the screen in the
first direction, in the projection range of the images by the
projection devices, the principal beam of the light passing
through the one end side is closer to the viewpoint, and the
amount of light entering the viewpoint becomes larger.
However, in the projection range, the principal beam of the
light passing through the other end side is farther from the
viewpoint, and the amount of light entering the viewpoint
becomes smaller. In this case, the other end side in the
visually recognized image visually recognized at the view-
point is darker than the one end side, and brightness uneven-
ness is caused in the visually recognized image.

On the other hand, in the aspect, the screen has the
direction adjustment layer that adjusts the traveling direction
of the light output from the outer circumferential surface,
and thereby, may adjust the output directions of the image
lights from the outer circumferential surface so that the
image lights may be output toward the viewpoint side in
response to the incident positions of the image lights pro-
jected and entering from the projection devices. Therefore,
brightness unevenness caused in the visually recognized
image may be suppressed.

The same applies to the case where the plurality of
projection devices are located at the other end side in the first
direction with respect to the screen.

In the aspect, it is preferable that a position detection
device that detects a position of an observer is provided, and
the display control device allows the projection devices that
project the image lights entering the detected position of the
observer in the plurality of projection devices to project the
image lights.

In the aspect, the display control device allows the pro-
jection devices that project the image lights entering the
detected position of the observer to project the image lights.
That is, the display control device allows the projection
devices that project partial images forming the visually
recognized image visually recognized in the position of the
observer to project the partial images. Thereby, not all of the
projection devices are necessarily required to operate the
image lights. Therefore, the power consumption of the
display apparatus may be reduced.

In the aspect, it is preferable that a distance detection
device that detects a distance of an observer from the center
axis is provided, and the display control device forms the
partial images making the visually recognized image visu-
ally recognized in the position of the observer in response to
the detected distance of the observer.

Here, the respective projection devices project image
lights at predetermined angles of view, and the numbers of
the projection devices that project image lights entering the
viewpoints and the visually recognized regions of the pro-
jected images are different between the closer viewpoint and
the farther viewpoint with respect to the screen. Accord-
ingly, when the projected images optimized to the closer
viewpoint are visually recognized at the farther viewpoint,
the image region that can be visually recognized is narrower
and the image as a combination of the projected images of
the plurality of projection devices is unnatural.

On the other hand, in the aspect, the display control device
changes the partial images forming the visually recognized
image visually recognized in the position of the observer in
response to the detected distance of the observer. For
example, when the observer is located at the farther view-
point, the display control device allows the respective pro-
jection devices to project image lights so that the visually
recognized image at the closer viewpoint may be formed and
visually recognized by the image lights projected by the
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4

projection devices that project image lights entering the
farther viewpoint. Thereby, even when the distance of the
observer with respect to the center axis (i.e., the distance of
the viewpoint) is changed, the observer may visually rec-
ognize the visually recognized images containing the same
content. Therefore, the vision of the image may be made
natural.

In the aspect, it is preferable that, supposing that a number
of the plurality of projection devices is n, a diameter of the
screen is D, and a diameter of a virtual circle on which
respective pupil positions of the plurality of projection
devices are located around the center axis is ¢, a diffusion
angle § of the screen in the second direction is expressed by
formula (1).

8=360/nx1/(D/4)p+1) (6]

According to the aspect, the value of the diffusion angle
d derived by the formula (1) is used as the diffusion angle of
the light of the screen in the second direction, and thereby,
in the visually recognized image visually recognized at the
viewpoint, gaps and overlaps between partial images respec-
tively projected from the adjacent projection devices may be
suppressed. Therefore, the visually recognized image in
which the partial images projected from the respective
projection devices are arranged in the second direction may
be easily visually recognized as one displayed image.

In the aspect, it is preferable that each of the plurality of
projection devices includes a light source unit that respec-
tively and individually outputs three color lights of red,
green, and blue in a time-division manner, a light modulator
that respectively modulates the three color lights output
from the light source unit and forms color images in
response to the three color lights, and a projection optical
unit that projects the color images in response to the three
color lights formed by the light modulator, and the display
control device allows the adjacent projection devices of the
plurality of projection devices to respectively project the
color images in different colors.

According to the aspect, the respective projection devices
respectively modulate red light, green light, and blue light
respectively individually output from the light source unit in
the time-division manner using the light modulators and the
projection optical units project color images in response to
the respective color lights, and thereby, one image (frame) is
displayed. In this regard, as described above, in the respec-
tive projection devices arranged along the second direction,
when the adjacent projection devices project color images in
the same color at the same time, flicker is likely to occur.

On the other hand, according to the aspect, the display
control device allows the adjacent projection devices to
respectively project color images in different colors, and
thereby, occurrence of flicker may be suppressed.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be described with reference to the
accompanying drawings, wherein like numbers reference
like elements.

FIG. 1 is a schematic diagram showing a display appa-
ratus according to the first embodiment of the invention.

FIG. 2 is a schematic diagram of the display apparatus in
the first embodiment as seen from a direction along a center
axis.

FIG. 3 shows a trajectory of light entering a screen and
output in a first direction in the first embodiment.

FIG. 4 shows a trajectory of light entering the screen and
output in a second direction in the first embodiment.
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FIG. 5 is a schematic diagram showing an arrangement of
projection devices in the first embodiment.

FIG. 6 is a schematic diagram showing trajectories of
lights entering a viewpoint in the first embodiment.

FIG. 7 shows an example of a visually recognized image
in the first embodiment.

FIG. 8 shows an example of projected images in the first
embodiment.

FIG. 9 is a schematic diagram showing a configuration of
the projection device in the first embodiment.

FIG. 10 shows readout timing of image information and
output timing of color lights in the first embodiment.

FIG. 11 is a diagram for explanation of projection timing
of color images by the adjacent projection devices in the first
embodiment.

FIG. 12 shows a trajectory of light reaching a viewpoint
from one projection device in the first embodiment.

FIG. 13 shows a trajectory of light when beams projected
from two adjacent projection devices reach a certain view-
point in the first embodiment.

FIG. 14 is a schematic diagram of a display apparatus in
which a diameter of a virtual circle on which pupil positions
of the projection devices are arranged and a diameter of the
screen are different as seen the direction of the center axis in
the first embodiment.

FIG. 15 is a schematic diagram showing trajectories of
image lights projected by the projection device located on
one end side in the first direction with respect to the screen
in the first embodiment.

FIG. 16 is a sectional view showing a direction adjust-
ment layer in the first embodiment.

FIG. 17 is a schematic diagram showing trajectories of
image lights projected by the projection device located on
one end side in the first direction with respect to the screen
in the first embodiment.

FIG. 18 is a schematic diagram showing a display appa-
ratus according to the second embodiment of the invention.

FIG. 19 is a schematic diagram showing an example of an
arrangement of detection units in the second embodiment.

FIG. 20 is a schematic diagram showing trajectories of
image lights entering a viewpoint and projection devices that
project the image lights in the second embodiment.

FIG. 21 shows an example of a visually recognized image
in the second embodiment.

FIG. 22 shows an example of a visually recognized image
in the second embodiment.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

First Embodiment

As below, the first embodiment of the invention will be
explained with reference to the drawings.
Outline Configuration of Display Apparatus

FIG. 1 is a schematic diagram showing an outline con-
figuration of a display apparatus 1 according to the embodi-
ment as seen from the side.

The display apparatus 1 according to the embodiment
enables stereoscopic visual recognition of an observation
object as a stereoscopic image contained in a displayed
image using motion parallax and binocular parallax, and
includes a transmissive screen 2, a plurality of projection
devices 3, a storage device 4, a display control device 5, and
a pedestal 6 as shown in FIG. 1. Specifically, in the display
apparatus 1, the display control device 5 that has read out
image data stored in the storage device 4 generates projected
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images to be projected by the respective projection devices
3, the corresponding projection devices 3 project image
lights in response to the generated respective projected
images on an inner circumferential surface of the screen 2.
Thereby, the image lights are transmitted through the screen
2 and enter eyes of observers (P1, P2), and images in
response to the current positions of the observers P are
observed.

Of them, the pedestal 6 is a base supporting the screen 2
and the respective projection devices 3 and containing the
storage device 4 and the display control device 5 provided
therein.

Configuration of Storage Device

The storage device 4 stores image information of the
images projected by the respective projection devices 3, and
the display control device 5 reads out and writes the image
information. As the storage device 4, a memory device
having relatively large capacity such as an HDD (Hard Disk
Drive) or a semiconductor memory may be exemplified.
Configuration of Display Control Device

The display control device 5 allows the storage device 4
to store image information received from an external appa-
ratus via a network or the like and allows the respective
projection devices 3 to project images in response to the
image information previously stored in the storage device 4.

Specifically, the display control device 5 individually
outputs the images to be projected by the respective projec-
tion devices 3 connected to the display control device 5, and
allows the corresponding projection devices 3 to project
images in response to the image data. Further, the display
control device 5 outputs control information and controls
operations of the respective projection devices 3 so that the
adjacent projection devices 3 of the plurality of projection
devices 3 may not project color images in the same color at
the same time. The operations of the projection devices 3
will be described later in detail.

Configuration of Screen

FIG. 2 is a schematic diagram of the display apparatus 1
as seen from a direction along a center axis C of the screen
2.

As shown in FIG. 2, the screen 2 is the transmissive
screen formed in a cylindrical shape around the virtual
center axis C. In the embodiment, the screen 2 is provided
so that the center axis C may be along the vertical direction.
The screen 2 transmits the image lights projected from the
respective projection devices 3 provided inside to the out-
side. The screen 2 has a base member 21 and a diffusion
layer 22 located inside of the base member 21. Note that the
diffusion layer 22 may be located outside of the base
member 21.

In the following explanation, the direction along the
center axis C is referred to as “first direction D1” and the
circumferential direction around the center axis C is referred
to as “second direction D2”.

The base member 21 is formed in a cylindrical shape
around the center axis C and maintains the shape of the
screen 2. The base member 21 is formed using a light-
transmissive resin that dims and transmits incident light,
glass, or the like, and has a function of attenuating outside
light (ambient light) transmitted to the inside of the screen
2. Thereby, diffused reflection caused inside of the screen 2
may be reduced and the contrast of the displayed images
may be improved. Note that, not limited to the material, the
base member 21 may be formed using a material that
transmits nearly all incident lights.

FIGS. 3 and 4 show trajectories of light entering an inner
circumferential surface 2S of the screen 2 and output from
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an outer circumferential surface 2T. Of them, FIG. 3 shows
the trajectory of the light in the first direction D1 and FIG.
4 shows the trajectory of the light in the second direction D2.

When transmitting and outputting the light entering from
the inner circumferential surface 2S side, the diffusion layer
22 diffuses the light. As shown in FIGS. 3 and 4, the
diffusion layer 22 is adapted so that a diffusion angle Al of
the light in the first direction D1 may be wider than a
diffusion angle A2 of the light in the second direction D2. In
other words, the diffusion layer 22 is adapted so that the
diffusion angle A2 in the second direction D2 may be
narrower than the diffusion angle Al of the light in the first
direction D1.

Specifically, in the embodiment, as shown in FIG. 3, the
diffusion layer 22 widely outputs and diffuses the light
entering from the inner circumferential surface 2S side in the
first direction D1, and, as shown in FIG. 4, narrowly outputs
the light in the second direction D2. In the embodiment, the
diffusion angle A1l is set to be from 40° to 60° and the
diffusion angle A2 is set to be from 1° to 2°.

Note that, in the embodiment, the diffusion layer 22 is
formed by a diffusion sheet, however, may be realized by a
configuration in which cylindrical lenses elongated in the
second direction D2 are arranged along the first direction
D1.

Configuration of Projection Devices

FIG. 5 is a schematic diagram showing an arrangement of
the respective projection devices 3 (301 to 318) on the
orthogonal surface with respect to the center axis C and
showing trajectories of image light projected from one
projection device 3 (310). Note that, in FIG. 5, of the image
light projected from the projection device 310, beams at
predetermined intervals are shown by solid lines and ranges
in which the beams are diffused by the diffusion layer 22 are
shown by dotted lines.

The plurality of projection devices 3 respectively project
images transmitted from the display control device 5, and, in
the example shown in FIG. 5, 18 projection devices 3 (301
to 318) are provided on the pedestal 6. As shown in FIG. 5,
these projection devices 3 are respectively arranged at equal
intervals along a virtual circle VC around the center axis C.

Specifically, these projection devices 3 are arranged so
that the output positions of image lights (pupil positions of
projection optical units 33, which will be described later)
may be located on the virtual circle VC at equal intervals on
the virtual circle VC. The virtual circle VC is set inside of
the screen 2 and the respective projection devices 3 are
entirely located inside of the screen 2. Further, the height
position of the virtual circle VC is constant and the pupil
positions of the respective projection devices 3 are set to be
the positions on the plane orthogonal to the center axis C,
i.e., the same height position from the pedestal 6.

These projection devices 3 project images having the
same size (in height dimension and width dimension) trans-
mitted from the display control device 5 toward the inner
circumferential surface 2S of the screen 2. In other words,
the projection devices 3 respectively project the images at
the same angle of view.

Relationship between Incident Positions of Image Lights
and Viewpoint with respect to Screen

Here, the screen 2 diffuses the light entering the inner
circumferential surface 2S and outputs the light from the
outer circumferential surface 27T, and the light entering the
inner circumferential surface 2S is output by the diffusion
layer 22 in a narrow range in the second direction D2.
Accordingly, a partial image within a predetermined range in
a projected image projected from a certain projection device
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3 on the screen 2 enters only one viewpoint V of a plurality
of viewpoints V sets (viewpoints V shown by black circles
in FIG. 5) respectively outside of the screen 2 along the
second direction D2. In other words, in the projected image
projected on the screen 2 from one projection device 3, a part
visually recognized by an eye of the observer P located at a
certain viewpoint V is only a portion of the projected image.

For example, of the image lights projected from the
projection device 310, the light entering a range R1 on the
screen 2 is diffused in the first direction D1 and the second
direction D2, and diffused only in the narrow range in the
second direction D2. Accordingly, the light enters a view-
point V1 only of the plurality of viewpoints V. In other
words, a partial image formed by the light output by the
projection device 310 and entering the range R1 is visually
recognized only at the viewpoint V1.

Similarly, of the image lights projected from the projec-
tion device 310, the lights entering ranges R2, R3 on the
screen 2 enter corresponding viewpoints V2, V3 only of the
viewpoints V. Accordingly, partial images formed by the
lights output by the projection device 310 and entering the
ranges R2, R3 are visually recognized only at the viewpoints
V2, V3, respectively.

Similarly, of the image lights projected from the projec-
tion device 310, partial images formed by the lights entering
the other ranges on the screen 2 are visually recognized only
at the corresponding viewpoints V.

Visually Recognized Image at Viewpoint

FIG. 6 is a schematic diagram showing trajectories of
lights entering the viewpoint V1 via the screen 2. Note that,
in FIG. 6, the lights entering the viewpoint V1 from the
respective projection devices 3 are shown by solid lines and
angles of view of the respective projection devices 3 that
project lights are shown by dotted lines. Further, FIG. 7
shows an example of a visually recognized image VP
visually recognized by an eye E located at the viewpoint V1.

On the other hand, images visually recognized by the eyes
of the observers P located at the respective viewpoints V
(visually recognized images) are formed by image lights
projected by the plurality of projection devices 3.

For example, in the example shown in FIG. 6, the
projection devices 3 that project the lights reaching the
viewpoint V1 are the projection devices 307 to 313 located
at the opposite side to the viewpoint V1 with respect to the
center axis C. Further, of the lights projected by the projec-
tion devices 307 to 313, e.g., the visually recognized image
VP shown in FIG. 7 is formed.

That is, as shown in FIG. 6, in the projected image of the
projection device 310, a range H1 on the screen 2 entering
the viewpoint V1 (the range H1 containing the range R1) is
arange nearly at the center of the projected image. As shown
in FIG. 7, a partial image VP1 corresponding to the range H1
is a partial image forming the center in the visually recog-
nized image VP visually recognized at the viewpoint V1. On
the other hand, partial images of the other ranges in the
projected image form visually recognized images visually
recognized at the other viewpoints V.

Similarly, as shown in FIG. 6, in the projected image of
the projection device 311 adjacent to the projection device
310, a range H2 on the screen 2 entering the viewpoint V1
is a range shifted toward the side at which the projection
device 311 is located with respect to the projection device
310 from the center in the second direction D2 in the
projected image as seen from the viewpoint V1 side. Further,
as shown in FIG. 7, a partial image VP2 corresponding to the
range H2 is a partial image adjacent to the partial image VP1
in the visually recognized image VP. On the other hand,
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partial images of the other ranges in the projected image
form visually recognized images visually recognized at the
other viewpoints V.

Furthermore, as shown in FIG. 6, in the projected image
of the projection device 309 adjacent to the projection
device 310, a range H3 on the screen 2 entering the
viewpoint V1 is a range shifted toward the side at which the
projection device 309 is located with respect to the projec-
tion device 310 from the center in the second direction D2
in the projected image as seen from the viewpoint V1 side.
Further, as shown in FIG. 7, a partial image VP3 corre-
sponding to the range H3 is a partial image adjacent to the
partial image VP1 in the visually recognized image VP. On
the other hand, partial images of the other ranges in the
projected image form visually recognized images visually
recognized at the other viewpoints V.

The same applies to the projected images of the other
projection devices 307, 308, 312, 313. Portions of the
projected images of the projection devices 307, 308 form
partial images VP7, VP5 shown in FIG. 7, and portions of
the projected images of the projection devices 312, 313 form
partial images VP4, VP6 shown in FIG. 7. Further, these
partial images VP4 to VP7 are visually recognized at the
viewpoint V1. Note that the other portions of the projected
images form visually recognized images visually recognized
at the other viewpoints V.

As described above, the visually recognized images visu-
ally recognized by the eyes E located at the viewpoints V
outside of the screen 2 and apart from the screen 2 by
predetermined dimensions are formed by portions of the
image lights projected by the plurality of projection devices

Projected Images Projected by Projection Devices

FIG. 8 shows a projected image PP projected from the
projection device 310 on the screen 2 as seen from the
projection device 310 side and an example of the projected
image PP.

As described above, the visually recognized image VP is
the image in which portions of projected images from the
plurality of projection devices 3 are arranged along the
second direction D2. In other words, the respective projec-
tion devices 3 project projected images containing the partial
images visually recognized at the respective viewpoints V.

For example, as shown in FIG. 8, the projected image PP
of the projection device 310 is formed by a plurality of
partial images PP, to PP, (1<m<n, m and n are natural
numbers). The partial image PP, located at the center of the
projected image PP is transmitted through the range H1 and
forms the partial image VP1 forming the nearly center of the
visually recognized image VP visually recognized at the
viewpoint V1.

Further, the partial image PP, located at one end of the
projected image PP in the second direction D2 (an end at the
projection device 311 side adjacent to the projection device
310) is transmitted through the range R2 (see FIG. 5) and
forms a portion of the visually recognized image visually
recognized at the viewpoint V2.

Furthermore, the partial image PP,, located at the other
end of the projected image PP in the second direction D2 (an
end at the projection device 309 side adjacent to the pro-
jection device 310) is transmitted through the range R3 (see
FIG. 5) and forms a portion of the visually recognized image
visually recognized at the viewpoint V3.

As described above, the respective projection devices 3
project the projected images in which the partial images
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respectively visually recognized at the different viewpoints
V are arranged along the second direction D2 on the screen
2.

FIG. 9 is a schematic diagram showing a configuration of
the projection device 3.

As shown in FIG. 9, each of the above described projec-
tion devices 3 has a light source unit 31, a light modulator
32, the projection optical unit 33, and a controller 34.

The light source unit 31 respectively outputs respective
color lights of red, green, blue in a time-division manner. For
example, the light source unit 31 has a red light emitting
part, a green light emitting part, and a blue light emitting part
respectively including LEDs (Light Emitting Diodes). Note
that, not limited to the configuration, but the light source unit
31 may have a light source that outputs white light and a
color wheel located in an optical path of the white light and
provided with filters that transmit respective color lights of
red, green, and blue.

The light modulator 32 respectively modulates the color
lights of red, green, and blue output from the light source
unit 31 and forms color images in response to the color
lights. As the light modulator 32, a modulator using a liquid
crystal panel, a micromirror display element, or the like may
be employed.

The projection optical unit 33 projects the respective color
images formed by the light modulator 32 on the inner
circumferential surface 2S. The projection optical unit 33
has a lens tube and at least one lens housed within the lens
tube (not shown).

The controller 34 controls operations of the light source
unit 31 and the light modulator 32 based on control infor-
mation and image information transmitted from the display
control device 5, which will be described later. The control-
ler 34 has a main control part 341, a lighting control part
342, a drive control part 343, and a frame memory 344.

The main control part 341 allows the frame memory 344
to store the received image information. Further, the main
control part 341 outputs a lighting signal and a drive signal
to the lighting control part 342 and the drive control part 343
in response to the received control information and controls
lighting of the light source unit 31 and driving of the light
modulator 32 by the parts.

The lighting control part 342 sequentially outputs the
color lights of R (red), G (green), and B (blue) by the light
source unit 31 in a period for one frame of the formed
projected image based on the lighting signal input from the
main control part 341. For example, the lighting control part
342 respectively individually lights the respective light
emitting parts of R, G, and B.

FIG. 10 shows readout timing of the image information
stored in the frame memory 344 by the drive control part 343
(i.e., formation timing of color images by the light modu-
lator 32) and output timing of the respective color lights by
the lighting control part 342.

The drive control part 343 allows the light modulator 32
to form color images represented by color components in
response to the color lights output from the light source unit
31 of the color components contained in the image infor-
mation stored in the frame memory 344 based on the drive
signal.

Specifically, as shown in FIG. 10, the drive control part
343 reads out R components for one frame contained in the
image stored in the frame memory 344 in a frame period T1
and supplies data for the R components to the light modu-
lator 32. Then, the lighting control part 342 to which the
lighting signal has been input from the main control part 341
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lights the R light emitting part of the light source unit 31.
Concurrently, the G light emitting part and the B light
emitting part are turned off.

Thereby, the light modulator 32 is illuminated by the R
light and an R image is formed, and the R image is projected
on the screen 2 by the projection optical unit 33.

After the formation of the R image, in the same frame
period T1, the drive control part 343 reads out G components
for the same one frame as the R components from the frame
memory 344 and supplies the G components to the light
modulator 32. Then, the lighting control part 342 lights the
G light emitting part of the light source unit 31 and turns off
the R light emitting part and the B light emitting part.

Thereby, the light modulator 32 is illuminated by the G
light and a G image is formed, and the G image is projected
on the screen 2 by the projection optical unit 33.

Further, after the formation of the G image, in the same
frame period T1, the drive control part 343 reads out B
components for the same one frame as the G components
from the frame memory 344 and supplies the B components
to the light modulator 32. Then, the lighting control part 342
lights the B light emitting part of the light source unit 31 and
turns off the R light emitting part and the G light emitting
part.

Thereby, the light modulator 32 is illuminated by the B
light and a B image is formed, and the B image is projected
on the screen 2 by the projection optical unit 33.

Also, in the next frame period T2, an R image, a G image,
and a B image in response to the color components of R, G,
and B forming the next frame are respectively and sequen-
tially formed, and the respective color images are projected.

As described above, the main control part 341 controls the
output timing of the respective color lights of R, G, and B
by the lighting control part 342 and the output timing of the
respective color components to the light modulator 32 by the
drive control part 343.

Then, the R images, the G images, and the B images
projected in the respective frame periods are respectively
visually recognized, and thereby, the observer P may visu-
ally recognize full color images.

Display Timing of Color Images by Respective Projection
Devices

Here, when the adjacent respective projection devices 3
project color images in the same color at the same time,
flicker is likely to be recognized.

On the other hand, the display control device 5 controls
the operations of these projection devices 3 so that the
adjacent projection devices 3 out of the plural projection
devices 3 may not project color images in the same color at
the same time. Specifically, the display control device 5
transmits the control information to the respective projection
devices 3 to adjust the sequence of the respective color
images displayed in one frame period.

FIG. 11 is a diagram for explanation of projection timing
of color images formed by the adjacent projection devices
3A to 3D of the plurality of projection devices 3.

For example, as shown in FIG. 11, of the four projection
devices 3Ato 3D adjacent along the second direction D2, the
projection device 3A projects color images in the sequence
of'an R image, a G image, and a B image in one frame period
T. On the other hand, the projection device 3B adjacent to
the projection device 3 A at one side in the second direction
D2 projects color images in the sequence of a G image, a B
image, and an R image in the same frame period T, and
further, the projection device 3C adjacent to the projection
device 3B at the one side projects color images in the
sequence of a B image, an R image, and a G image in the
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same frame period T. In addition, the projection device 3D
adjacent to the projection device 3C at the one side projects
color images in the sequence of an R image, a G image, and
a B image in the same frame period T.

As described above, the respective projection devices 3
adjacent along the second direction D2 of the plurality of
projection devices 3 do not project the color images in the
same colors at the same time, and occurrence of flicker may
be suppressed.

Note that, in the respective projection devices 3, the
sequence of the colors output by the light source unit 31 and
the sequence of the color images formed by the light
modulator 32 may be set with respect to each projection
device 3 in advance, or randomly set with respect to each
projection device 3 by the display control device 5.
Relationship between Diffusion Angle of Screen and Num-
ber of Projection Devices

Here, relationships among the diffusion angle of light by
the screen 2 (the diffusion angle of light in the second
direction D2 by the diffusion layer 22), the number of
projection devices 3, the diameter of the virtual circle VC,
and the diameter of the screen 2 will be explained. Note that,
in FIGS. 12 and 13, it is assumed that the pupil positions of
the projection optical units 33 of the respective projection
devices 3 are set to positions apart from the center axis C in
the same dimension of the radius of the screen 2.

FIG. 12 shows a trajectory of light reaching the viewpoint
V from one projection device 3 in the plane orthogonal to the
center axis C.

Each projection device 3 projects image light forming the
projected image at the angle of view toward the inner
circumferential surface 2S. In this regard, as shown in FIG.
12, one fine beam contained in the image light is transmitted
through the inner circumferential surface 2S, diffused in the
second direction D2 at a diffusion angle p by the diffusion
layer 22, and output from the outer circumferential surface
2T. Then, at the viewpoint V located within the range of the
output beam spreading at the diffusion angle {3, an image
formed by the output beam (partial image) is visually
recognized on the screen 2. At the viewpoint V in this case,
the image is visually recognized on the screen 2 as an image
having a dimension u in the dimension in the second
direction D2.

Here, supposing that a projection distance of the projec-
tion device 3 (a distance from the pupil position of the
projection optical unit 33 to the inner circumferential surface
28) is d, an observation distance (the shortest distance from
the viewpoint V to the screen 2) is r, a projection angle of
light from the projection device 3 when the light projected
from the projection device 3 enters a certain viewpoint V is
v, and an viewing angle from the viewpoint V with respect
to the image by the light is 6, the dimension u is expressed
by the following formula (2) and 6 is expressed by the
following formula (3). Note that the projection angle y and
the viewing angle 6 are angles in the plane orthogonal to the
center axis C.

umrOmdy @
6=p—y 3

From these formulae (2) and (3), the projection angle v is
expressed by the following formula (4), and the dimension
u is expressed by the following formula (5).

y=r B/ (d+7) Q)

UndymdrB/(d+7) )
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FIG. 13 shows a trajectory of light when beams projected
from two projection devices 3 adjacent in the second direc-
tion D2 reach a certain viewpoint V.

Next, with reference to FIG. 13, how optical axes of the
beams by the two projection devices 3 adjacent in the second
direction D2 are seen will be explained.

An interval w between the pupil positions in the two
projection devices 3 is recognized as an interval p on the
screen 2. Note that the beam from the projection device 3 has
a predetermined width, and the intervals w, p may be treated
as intervals of center axes of the beams projected from the
adjacent two projection devices 3 and entering the same
viewpoint V. The ratio of the interval p to the interval w is
expressed by the following formula (6), and the interval p is
expressed by the following formula (7). Note that d and r in
the formulae (6) and (7) are the projection distance d and the
observation distance r as described above, respectively.

p/w=r/(d+r) (6)

p=wr/(d+r) (7

Here, supposing that a ratio (u/p) of the dimension u to the
interval p is a filling rate n, the following formula (8) may
be derived from the formulae (5) and (7).

n=u/p=dp/w (®)

If the filling rate 1) is less than one, gaps appear between
the strip-shaped partial images VP1 to VP7 in the visually
recognized image VP shown in FIG. 7, and, if the filling rate
7 is more than one, the partial images VP1 to VP7 are seen
with overlaps with each other. On the other hand, if the
filling rate m is one, the respective partial images VP1 to
VP7 in the visually recognized image VP may be visually
recognized as images arranged along the second direction
D2 without gaps or overlaps.

Now, in the case where n projection devices 3 are
arranged on the entire circumference around the center axis
C, the interval w between the respective pupil positions is
expressed by the following formula (9), and the filling rate
1 may be expressed by the following formula (10).

wedn/n ()]

n=dp/w=np/n (10)

Further, supposing that the diffusion angle f§ is expressed
by a diffusion angle § converted from radian to degrees, the
diffusion angle f is expressed by the following formula (11),
and the filling rate 1 may be expressed by the following
formula (12) based on the above formula (10) and the
formula (11). That is, the filling rate | may be expressed by
the diffusion angle § and the number n of projection devices
3.

B=06m/180 (11)

n=np/n=nd/180 12)

FIG. 14 is a schematic diagram of the display apparatus
1 in which the diameter ¢ of the virtual circle VC on which
pupil positions of the projection devices are arranged and the
diameter D of the screen 2 are different as seen the direction
of the center axis C.

On the other hand, in the case where the respective
projection devices 3 are arranged at equal intervals along the
second direction D2 so that the pupil positions may be
located on the virtual circle VC around the center axis C
having the diameter ¢ different from the diameter D of the
screen 2, the interval w between the respective pupil posi-
tions is expressed by the following formula (13). Accord-

10

15

20

25

30

35

40

45

50

55

60

65

14

ingly, the filling rate ] is expressed by the following formula
(14) based on the formulae (11), (12), and (13).

wetprt/n (13)

n=dp/w=np/axd/ p=nd/180xd/p (14)

Therefore, in the case where the diameter D of the screen
2 and the diameter ¢ of the virtual circle VC on which the
output pupil positions of the respective projection devices 3
are arranged are different, as expressed by the formula (14),
it is known that the case where the diameter D and the
diameter ¢ are the same (the case expressed by the formula
(10)) is multiplied by a ratio (d/$) of the projection distance
d to the diameter ¢ as a coeflicient.

Further, the relationship among the diameter D, the diam-
eter ¢, and the projection distance d is expressed by the
following formula (15), and the formula (14) is expressed by
the following formula (16) based on the formula (15).

d=(D+$)/2 (15)

N=nd/180xd/p=nd/360x(D/p+1) (16)

On the basis of the formula (16), the diffusion angle
when =1 as a condition for visual recognition of the
respective partial images without gaps or overlaps in the
visually recognized image is expressed by the following
formula (17).

8=360/nx1/(D/p+1) (17)

By thus expressed formula (17), it is known that an
appropriate diffusion angle 8 may be obtained in response to
the number n of projection devices 3 arranged at equal
intervals on the virtual circle VC, the diameter D of the
screen 2, and the diameter ¢ of the virtual circle VC
(arrangement diameter). Note that an optimum diffusion
angle 0 may be obtained in response to the projection
distance d in place of the diameter D of the screen based on
the formula (14), and an optimum diffusion angle § may be
obtained in response to the projection distance d in place of
the diameter ¢ of the virtual circle VC based on the formula
(15).

Further, as shown in FIGS. 12 and 13, when the diameter
D of the screen 2 and the diameter ¢ of the virtual circle VC
are the same, an optimum diffusion angle 3 corresponding to
the filling rate =1 may be expressed by the following
formula (18) based on the formula (12) or (17). In other
words, when the diameter D of the screen 2 and the diameter
¢ of the virtual circle VC are the same, an optimum diffusion
angle & may be obtained in response to the number n of
projection devices 3 arranged at equal intervals so that the
output pupil positions may be located on the virtual circle
VC.

8==180/n (18)

Furthermore, according to the display apparatus 1 to
which the diffusion angle d obtained by the formulae (17)
and (18) is applied, the visually recognized image VP
formed by the plurality of partial images arranged along the
second direction D2 without gaps or overlaps may be
visually recognized by the eye E located at the viewpoint V.

For example, according to the formula (18), in the case of
the display apparatus 1 in which 90 projection devices 3 are
arranged at equal intervals so that the output pupil positions
may be located on the virtual circle VC having the diameter
¢ equal to the diameter D of the screen 2, if the diffusion
angle O of the screen 2 is two degrees, the visually recog-
nized images VP formed by the plurality of partial images
arranged along the second direction D2 without gaps or
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overlaps may be visually recognized by the eyes E located
at the respective viewpoints V.

Advantages of First Embodiment

According to the above described display apparatus 1, the
following advantages may be exhibited.

The image lights projected on the inner circumferential
surface 28 of the screen 2 from the plurality of projection
devices 3 are output to be wider in the first direction D1 and
narrower in the second direction D2 when output from the
outer circumferential surface 2T of the screen 2. Accord-
ingly, for example, at the viewpoint V1 of the plurality of
viewpoints V located outside of the outer circumferential
surface 2T and set along the second direction D2, as shown
in FIG. 6, in the projected images by the projection devices
307 to 313, an image in which images of the respective
different portions (partial images VP1 to VP7) are arranged
along the second direction is virtually recognized. Further,
the display control device 5 allows the respective projection
devices 3 to project the projected images with the partial
images in the positions where the images enter the respec-
tive viewpoints V as the partial images corresponding to the
viewpoints V, and thereby, different images may be visually
recognized at the respective viewpoints V. In this regard, the
display control device 5 allows the respective projection
devices 3 to project projected images as images of the same
stereoscopic image of an observation object respectively
seen from the positions in response to the view points, which
form the visually recognized images at the respective view-
points V, and thereby, the observation object contained in the
visually recognized images may be stereoscopically visually
recognized.

Then, the visually recognized image is the image in which
the partial images projected from the respective projection
devices 3 are arranged along the second direction D2, and
the resolution of the visually recognized image may be
improved and the visually recognized image may be clearly
visually recognized. Therefore, the observer P changes the
viewpoint, and thereby, may clearly visually recognize the
observation object contained in the visually recognized
image as a stereoscopic image by motion parallax.

Note that, when the interval between the respective view-
points V is set to an amplitude of convergence of human
eyes (a width dimension between eyes), the observer P may
visually recognize a parallax image with right and left eyes.
Therefore, not only by the motion parallax but also by the
binocular parallax, the observation object contained in the
visually recognized image may be visually recognized as a
stereoscopic image.

The output parts (pupil positions) of the image lights in
the plurality of projection devices 3 are located inside of the
cylindrical screen 2 when the display apparatus 1 is seen the
direction of the center axis C. According to the configura-
tion, the display apparatus 1 may be downsized. Further,
when the display apparatus 1 is seen the direction of the
center axis C, if the respective projection devices 3 are
located inside of the cylindrical screen 2, the display appa-
ratus 1 may be further downsized.

The value of the diffusion angle § derived by the formula
(17) is used as the diffusion angle of light of the screen 2 in
the second direction D2, and thereby, in the visually recog-
nized image visually recognized at the viewpoint V, gaps and
overlaps between partial images projected from the respec-
tive adjacent projection devices 3 may be suppressed. There-
fore, the visually recognized image in which the partial
images projected from the respective projection devices 3
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are arranged in the second direction D2 may be easily
visually recognized as one displayed image.

The respective projection devices 3 modulate the red
lights, the green lights, and the blue lights respectively and
individually output from the light source units 31 in time-
division manners using the light modulators 32, the projec-
tion optical units 33 project color images in response to the
respective color lights, and thereby, one image (frame) is
displayed. In this regard, in the respective projection devices
3 arranged at equal intervals along the second direction D2
on the virtual circle VC around the center axis C, the
adjacent projection devices 3 project color images in differ-
ent colors at the same time. Thereby, as described above,
occurrence of flicker may be suppressed in the visually
recognized images.

Modified Example of First Embodiment

FIG. 15 is a schematic diagram showing trajectories of
image lights projected by the projection device 3 located at
one end side in the first direction D1 with respect to the
screen 2. Note that, in FIG. 15, in the projection range of the
image by the projection device 3, a beam L1 passing through
one end in the first direction D1, a beam 1.2 passing through
the center, and a beam L3 passing through the other end are
shown.

In the above described display apparatus 1, the transmis-
sive screen 2 having the base member 21 and the diffusion
layer 22 are provided. In the display apparatus 1 having the
screen 2, for example, as shown in FIG. 15, when the
projection device 3 is provided at one end (e.g., the lower
side in the vertical direction) in the first direction D1 with
respect to the screen 2, an incident angle of the image light
entering the inner circumferential surface 2S of the screen 2
from the projection device 3 (an angle with respect to the
normal of the screen 2 in the incident position of the image
light) is larger from one end side toward the other end side.
The diffusion layer 22 diffuses the light relatively widely in
the first direction D1 as described above, and the light
entering the screen 2 is likely to be output from the outer
circumferential surface 2T with the incident angle with
respect to the inner circumferential surface 2S maintained.
That is, the light entering the screen 2 is likely to be output
on an extended line in the incident direction of the light to
the screen 2 from the outer circumferential surface 2T.

Accordingly, the beam L1 projected from the projection
device 3 and entering a region at the one end side in the
screen 2 is output at a smaller output angle (an angle with
respect to the normal of the outer circumferential surface 2T
in response to the incident position of the image light), and
thus, for example, is likely to reach the viewpoint V apart in
a predetermined dimension from the position nearly at the
center in the first direction D1 in the screen 2. However, the
beams 1.2, .3 entering regions nearly at the center and the
other end side in the first direction D1 in the screen 2 are
mainly output toward the other end side at larger output
angles, and harder to reach the viewpoint V. In the configu-
ration, a visually recognized image with lower resolution
toward the other end side is visually recognized by the eye
of the observer P located at the viewpoint V. That is,
brightness unevenness is caused in the visually recognized
image.

FIG. 16 is a sectional view showing a direction adjust-
ment layer 23 of a screen 2A.
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To address the problem, in place of the screen 2, the
screen 2A further having the direction adjustment layer 23 in
addition to the base member 21 and the diffusion layer 22
may be employed.

Of them, the direction adjustment layer 23 adjusts the
output direction of light transmitted through the inside.
Specifically, the direction adjustment layer 23 has a function
of adjusting the output direction of incident light toward the
viewpoint V side. In the embodiment, as shown in FIG. 16,
the direction adjustment layer 23 is formed using a linear
Fresnel sheet having concavities and convexities on an outer
circumferential surface 23T, and an inner circumferential
surface 23S is formed to be nearly flat. Further, the incli-
nation angle of an inclined surface of a micro lens ML with
respect to the inner circumferential surface 23S is larger as
the inclined surface is farther from a reference position ST
set in the position at the side where the projection device 3
is provided (a reference position ST in the first direction D1)
in the direction adjustment layer 23. These micro lenses ML
are formed by thinning of a cylindrical lens in the second
direction D2 unlike a Fresnel lens formed by thinning of a
general rotationally symmetric lens and have inclined parts
of the lenses from the reference position ST in the first
direction D1. Accordingly, the respective micro lenses ML
have a collecting action only with respect to the first
direction D1.

By the direction adjustment layer 23, the main output
direction of the light entering the inner circumferential
surface 23S is adjusted in a direction toward the viewpoint
V.

Note that the direction adjustment layer 23 may be formed
using a sheet in which cylindrical lenses are arranged with
fine pitches. Further, the direction adjustment layer 23 may
be provided at the light-incident side with respect to the
diffusion layer 22 or provided at the light-exiting side. The
same applies to the base member 21.

FIG. 17 is a schematic diagram showing trajectories of
image lights projected by the projection device 3 located on
one end side in the first direction D1 with respect to the
screen 2A.

Of image lights entering the screen 2A, a beam L1A
entering a region at the one end side in the first direction
enters the vicinity of the reference position ST, and the
output direction of the beam 1A is harder to be adjusted by
the direction adjustment layer 23. Accordingly, the beam
L1A is mainly output from the outer circumferential surface
2T on an extended line in the incident direction to the screen
2A toward the viewpoint V.

On the other hand, of the image lights entering the screen
2A, output directions of beams [.2A, L.3A entering regions
nearly at the center and the other end side in the first
direction D1 are changed toward the one end side by the
micro lenses of the direction adjustment layer 23. The angles
formed between the output directions and the incident
directions are set to be larger as the angles are farther from
the reference position ST in the screen 2A. Accordingly, as
the incident position of light to the screen 2A is closer to the
other end side in the first direction D1, the light is output
closer to the one side. Thereby, the beams [.2A, L3A
entering the screen 2A are easily directed toward the view-
point V.

The above described screen 2A is employed, and thereby,
brightness unevenness may be suppressed in the image
projected from the projection device 3 located at one side in
the first direction D1 with respect to the screen 2A and
visually recognized at the viewpoint V.
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Note that, in the above description, the projection device
3 is located at the one end side with respect to the screen 2A,
however, not limited to that. The device may be located at
the other end side. Also, in this case, the output direction of
the incident light is adjusted by the direction adjustment
layer 23, and thereby, the image light entering the screen 2A
may be easily directed toward the viewpoint V and bright-
ness unevenness may be suppressed in the visually recog-
nized image.

Second Embodiment

Next, the second embodiment of the invention will be
explained.

A display apparatus according to the embodiment has the
similar configuration and function to the above described
display apparatus 1, and is different from the above
described display apparatus 1 in that the position of the
observer P is detected and an image suitably visually rec-
ognizable in the position is formed and projected. Note that,
in the following explanation, the same signs are assigned to
the same or nearly the same parts as the parts that have been
already described and their explanation will be omitted.

FIG. 18 is a schematic diagram showing a display appa-
ratus 1A according to the embodiment.

The display apparatus 1A according to the embodiment
has the same configuration and function as the display
apparatus 1 except that a display control device 5A is
provided in place of the display control device 5 and a
detection device 7 that detects positions and distances of
observers is further provided. Note that, in place of the
screen 2, the screen 2A may be employed for the display
apparatus 1A.

Configuration of Detection Device

FIG. 19 is a schematic diagram showing an example of an
arrangement of respective detection units 71 on a plane
orthogonal to the center axis C in the display apparatus 1A.

The detection device 7 has a plurality of detection units 71
and a processing unit 72.

The plurality of detection units 71 detect positions of
observers P within respective detection ranges, i.e., direc-
tions toward the positions of the observers P from the center
axis C of the screen 2 and distances between the observers
P and the center axis C of the screen 2. As shown in FIGS.
18 and 19, these detection units 71 are respectively arranged
at equal intervals along the outer circumferential surface 2T
of the screen 2 (in the example of FIG. 19, eight detection
units 71 are arranged at equal intervals). Further, the respec-
tive detection units 71 output detection results to the pro-
cessing unit 72.

As the detection units 71, a configuration having a range
image sensor such as a TOF (Time of Flight) sensor that can
acquire the distance and the image of the observer P at the
same time may be exemplified. In addition, as the detection
units 71, a combination of various kinds of ranging sensors
such as an infrared sensor and an ultrasonic sensor that
detect the distance of the observer P and an imager (camera)
that images the observer P may be exemplified. Note that, in
the case where the detection unit 71 has an imager, a set of
two imagers are used for stercoscopic detection of the
observer P.

The processing unit 72 processes the detection results by
the respective detection units 71 and transmits them to the
display control device 5A. Specifically, in the case where the
respective detection units 71 include range image sensors,
the processing unit 72 acquires the distances of the observers
P detected by the sensors and acquires images imaged by the
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sensors. Then, the processing unit 72 specifies the positions
of the eyes E of the observers P based on the acquired
images and the positions of the detection units 71 that have
detected the observers P.

On the other hand, in the case where the respective
detection units 71 include combinations of the ranging
sensors and the imagers, the processing unit acquires the
distances of the observers P detected by the ranging sensors
and acquires images imaged by the imagers. Then, the
processing unit 72 specifies the positions of the observers P
based on the acquired images and the positions of the
imagers that have imaged the observers P in the same
manner as described above.

Note that, when the processing unit 72 specifies the
position of the observer P, the processing unit 72 expresses
a direction toward the position of the observer P from the
center axis C (specifically, the position of the eye of the
observer P) by an angle with respect to a previously set
reference direction of the directions orthogonal to the center
axis C. For example, as shown in FIG. 19, supposing that a
direction toward the detection unit 71A from the center axis
C is a reference direction D3, the observer P3 is represented
to be located in the position at 30 degrees with respect to the
reference direction D3, and the observer P4 is represented to
be located in a position at 240 degrees with respect to the
reference direction D3.

Then, the processing unit 72 transmits observer informa-
tion containing the acquired distances of the observers P and
the positions of the observers P to the display control device
5A. That is, the detection device 7 has a position detection
device that detects the positions of the observers P and a
distance detection device that detects the distance of the
observers P from the center axis C of the screen 2.

Note that, in the embodiment, the processing unit 72
wirelessly transmits the observer information to the display
control device 5A. Accordingly, as shown in FIG. 18, even
when the detection device 7 and the display control device
5A are provided at the opposite sides to each other in the first
direction D1 with the screen 2 in between, the processing
unit 72 may transmit the observer information to the display
control device 5A without blocking the light projected by the
projection devices 3 with a cable or the like.

However, not limited to that, the processing unit 72 may
transmit the observer information to the display control
device 5A via wire communication. In this case, a cable
connecting the processing unit 72 and the display control
device 5A may be provided along the inner circumferential
surface 28 or outer circumferential surface 2T of the screen
2. The cable is provided on the center axis C, and thereby,
the influence on the images projected from the projection
devices 3 may be reduced.

On the other hand, the detection device 7 and the display
control device 5A (and the memory device 4) may be
provided at the same side in the first direction with respect
to the screen 2. In this case, the cable is not provided in the
optical paths of image lights projected from the respective
projection devices 3, and thus, blocking of the image lights
by the cable or the like may be reliably prevented.

Images Visually Recognized in response to Distances of
Viewpoints

Here, in the above description, the projection devices 3
that project image lights forming visually recognized images
VP at viewpoints V in different positions in the second
direction D2 are different at the respective viewpoints V.
That is, the explanation that the projection devices 3 forming
the visually recognized image at the viewpoint V1 and the
projection devices 3 forming the visually recognized image
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at the viewpoint V2 are different is made. In addition, the
projection devices 3 forming the visually recognized images
at viewpoints located in the same direction from the center
axis C at different distances from the center axis C (in other
words, at the viewpoints at different distances from the outer
circumferential surface 2T) are respectively different and
widths of respective partial images in the visually recog-
nized images are also different.

FIG. 20 is a schematic diagram showing trajectories of
image lights entering a viewpoint U farther from the center
axis C in the diameter direction of the screen 2 than the
viewpoint V1 and projection devices 3 that project the image
lights. Note that, in FIG. 20, illustration of part of the
projection devices 3 is omitted.

For example, as shown in FIG. 20, portions of image
lights projected from the projection devices 307 to 313 of the
projection devices 3 enter the viewpoint V1 apart from the
center axis C in a predetermined dimension. Thereby, at the
viewpoint V1, as shown in FIG. 7, the visually recognized
image VP in which partial images VP1 to VP7 respectively
formed by the portions of the image lights are arranged in
the second direction is visually recognized.

FIG. 21 shows an example of a visually recognized image
VPA visually recognized at the viewpoint U.

However, as shown in FIG. 20, the viewpoint U farther
from the center axis C in the diameter direction of the screen
2 than the viewpoint V1 is located within the incident range
of the image lights projected by the projection devices 308
to 312, but is located outside of the incident range of the
image lights projected by the projection devices 307, 313.
Accordingly, the image lights projected from the projection
devices 307, 313 do not enter the viewpoint U, but portions
of the image lights projected from the projection devices 308
to 312 enter the viewpoint U. Therefore, as shown in FIG.
21, at the viewpoint U, the visually recognized image VPA
in which partial images VPAS, VPA3, VPA1, VPA2, VPA4
respectively elongated in the first direction D1 are arranged
along the second direction D2 by the portions of the image
lights projected from the projection devices 308 to 312 is
visually recognized. Note that the dimensions of the partial
images VPA1 to VPAS along the second direction D2 are
larger than the dimensions of the partial images VP1 to VP7
in the second direction D2.

Now, the visually recognized image VP (see FIG. 7)
visually recognized at the viewpoint V1 contains the partial
images VP7, VP6 formed by the projection devices 307,
313, however, the visually recognized image VPA (see FIG.
21) visually recognized at the viewpoint U does not contain
the partial images formed by the projection devices 307,
313. Thus, the visually recognized image VPA does not
contain the images in both end parts of the visually recog-
nized image VP in the second direction D2.

In this case, an image containing the visually recognized
image VP formed by the partial images VP1 to VP7 is
projected by the partial images VPA1 to VPAS visually
recognized at the viewpoint U, and thereby, the visually
recognized images having the same content may be visually
recognized at the viewpoint V1 and the viewpoint U.

FIG. 22 shows an example of a visually recognized image
VPA as the visually recognized image VP shown in FIG. 7
formed by the partial images VPA1 to VPAS.

For example, as shown in FIG. 22, the projection devices
308 to 312 respectively project the following images as
images visually recognized at the viewpoint U. That is, the
projection device 308 projects a partial image VPAS con-
taining the content of the partial image VP7 and one portion
of the content of the partial image VP5, and the projection
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device 309 projects a partial image VPA3 containing the
other portion of the content of the partial image VP5 and one
portion of the content of the partial image VP3. Further, the
projection device 310 projects a partial image VPA1 con-
taining the other portion of the content of the partial image
VP3, the content of the partial image VP1, and one portion
of the content of the partial image VP2. Furthermore, the
projection device 311 projects a partial image VPA2 con-
taining the other portion of the content of the partial image
VP2 and one portion of the content of the partial image VP4,
and the projection device 312 projects a partial image VPA4
containing the other portion of the content of the partial
image VP4 and the content of the partial image VP6.

Thereby, the visually recognized image VPA visually
recognized at the viewpoint U contains the visually recog-
nized image VP, and, in the case where the observers P face
in the same direction with respect to the screen 2, the same
image may be visually recognized by the observers P
regardless of the distances from the screen 2 (distances from
the center axis C).

Note that, in the example of the visually recognized image
VPA in FIG. 22, the images corresponding to the visually
recognized image VP are arranged at the center in the first
direction D1 and white images are placed on both ends in the
first direction D1. However, not limited to that, it is not
necessary that the positions of the images corresponding to
the visually recognized image VP in the visually recognized
image VPA are located at the center, but the positions may
be deviated at one side in the first direction D1. Further, not
limited to the white images, other images such as black
images may be employed.

Configuration of Display Control Device

The display control device SA controls the respective
projection devices 3 like the display control device 5.
Specifically, the display control device 5A allows the pro-
jection devices 3 that project image lights visually recog-
nized by observers P to project the projected images based
on detection results, i.e., detected positions of the observers
P, and, on the other hand, restricts the projection of the
projected images with respect to the projection devices 3
that project image lights not visually recognized by the
observers P. Thereby, power consumption of the display
apparatus 1A is reduced.

Further, the display control device 5A forms projected
images to be projected by the respective projection devices
3 based on image information stored in the memory device
4 or image information received from the external apparatus.

Specifically, the display control device 5A allows the
projection devices 3 that project image lights entering the
position of the eye (viewpoint) to project images formed so
that the visually recognized image exemplified in FIG. 22
may be visually recognized at the viewpoint based on the
position and the distance of the eye of the observer P with
respect to the reference direction D3 from the observer
information received from the detection device 7. Thereby,
the images in response to the respective viewpoints may be
projected, and thus, the visually recognized images in
response to the directions with respect to the screen 2 may
be visually recognized at the respective viewpoints.

Advantages of Second Embodiment

According to the display apparatus 1A of the above
described embodiment, the same advantages as those of the
display apparatus 1 may be exhibited and the following
advantages may be exhibited.
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The display apparatus 1A includes the detection device 7
that detects the position of the observer P and the display
control device 5A allows the projection devices 3 by which
image lights enter the detected position of the observer P of
the plurality of projection devices 3 to project the image
lights, and restricts image projection by the projection
devices 3 by which image lights do not enter the detected
position of the observer P. According to the configuration,
not all of the projection devices 3 are necessarily required to
be operated. Therefore, the power consumption of the dis-
play apparatus 1A may be reduced.

The display control device 5A changes the contents of the
partial images forming the visually recognized image
formed by the respective portions of the projected images by
the plurality of projection devices 3 and visually recognized
in the position of the observer P in response to the distance
of the observer P detected by the detection device 7. For
example, when the observer P is located at the viewpoint U
farther from the screen 2, the display control device SA
allows the respective projection devices 308 to 312 to
project image lights so that the visually recognized image
VP at the viewpoint V1 closer to the screen 2 may be formed
by the image lights projected by the projection devices 308
to 312 that project image lights entering the viewpoint U and
visually recognized. Thereby, the visually recognized image
VPA visually recognized at the viewpoint U contains the
images corresponding to the visually recognized image VP.
Thus, even when the distance of the observer P with respect
to the center axis C is changed, the observer P may visually
recognize the visually recognized image containing the same
content. Therefore, the vision of the image may be made
natural.

Modifications of Embodiments

The invention is not limited to the above described
embodiments, and the invention includes modifications,
improvements, etc. within the range in which the purpose of
the invention may be achieved.

In the respective embodiments, the screens 2, 2A have the
cylindrical shapes around the center axis C. However, the
invention is not limited to that. That is, an arc-shaped screen
formed by a part of the cylindrical shape may be employed.
In this case, it is necessary to arrange the plurality of
projection devices 3 on the virtual circle VC so that images
may be projected on the screen.

In the above described embodiments, the display appara-
tus 1 having the 18 projection devices 301 to 318 is
exemplified. However, the invention is not limited to that.
That is, the number of projection devices 3 can be appro-
priately changed based on the diameters of the screens 2, 2A,
the diameter of the virtual circle VC on which the respective
projection devices 3 are arranged, the diffusion angles of
lights of the screens 2, 2A in the second direction, etc. so that
the formulae (17) and (18) may be satisfied. On the other
hand, in the case where gaps and overlaps between the
respective partial images forming the visually recognized
images visually recognized at the respective viewpoints are
not problematic, the formulae (17) and (18) may not nec-
essarily be satisfied.

In the above described embodiments, regarding the plu-
rality of projection devices 3, the pupil positions of the
respective projection optical units 33 are located on the
virtual circle VC having the smaller diameter than the
screens 2, 2A and the respective projection devices 3 them-
selves are arranged inside of the screen 2 as seen the
direction of the center axis C. However, the invention is not
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limited to that. That is, the diameter of the virtual circle VC
may be larger than the diameters of the screens 2, 2A and at
least part of the respective projection devices 3 may be
located outside of the screens 2, 2A.

Further, the display apparatuses 1, 1A have configurations
in which the respective projection devices 3 directly project
image lights on the inner circumferential surface 2S of the
screen 2. However, the invention is not limited to that. For
example, the respective projection devices 3 may project
image lights on the inner circumferential surface 2S via
reflection members. In this case, the projection distances of
the image lights by the projection devices 3 may be made
longer and the images displayed on the screen 2 may be
easily enlarged.

In the above described second embodiment, the display
control device 5A restricts the image projection by the
projection devices 3 by which image lights do not enter the
viewpoints at which the eyes of the observers P are located.
However, the invention is not limited to that. That is,
regardless of the existence of the observers P, the respective
projection devices 3 may project image lights. In this regard,
the respective projection devices may project image lights
forming not the image to be originally projected, but another
image.

In the above described second embodiment, the display
control device 5A changes the partial images projected by
the respective projection devices 3 and visually recognized
by the observer P in response to the distance of the observer
P from the screen 2 (specifically, the distance of the observer
P from the center axis C). However, the invention is not
limited to that. For example, the control by the display
control device 5A is not necessarily required, and, when the
observer P is located in a position farther from a viewpoint
previously set in a position apart from the screen 2 (center
axis C) in a predetermined dimension, another image may be
projected.

In the above described respective embodiments, the pro-
jection devices 3 adjacent in the second direction D2 respec-
tively project different color images at the same time.
However, the invention is not limited to that. For example,
the respective projection devices 3 may project the same
color images at the same time or the adjacent projection
devices 3 of several devices may project different color
images at the same time.

The entire disclosure of Japanese Patent Application No.
2014-120286, filed Jun. 11, 2014 is expressly incorporated
by reference herein.

What is claimed is:

1. A display apparatus comprising:

a transmissive screen formed in an arc shape forming at
least a part of a cylindrical shape around a center axis,
and, when light entering an inner circumferential sur-
face is output from an outer circumferential surface,
having a diffusion angle in a first direction as a direc-
tion along the center axis wider than a diffusion angle
in a second direction as a circumferential direction
around the center axis;

a plurality of projection devices that are respectively
arranged at equal intervals along the second direction
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around the center axis and respectively project image
lights on the inner circumferential surface; and

a display control device that allows the plurality of

projection devices to project the image lights so that
partial images formed by portions of the respectively
projected image lights of the plurality of projection
devices may be visually recognized as one visually
recognized image in which the partial images are
arranged in the second direction at a plurality of
viewpoints set outside of the outer circumferential
surface along the second direction.

2. The display apparatus according to claim 1, wherein,
when the plurality of projection devices are seen the first
direction, respective output parts of the image lights are
located inside of the cylindrical shape.

3. The display apparatus according to claim 1, wherein the
screen has a direction adjustment layer that adjusts a trav-
eling direction of the light output from the outer circumfer-
ential surface when the light entering the inner circumfer-
ential surface is output from the outer circumferential
surface.

4. The display apparatus according to claim 1, further
comprising a position detection device that detects a position
of an observer,

wherein the display control device allows the projection

devices that project the image lights entering the
detected position of the observer in the plurality of
projection devices to project the image lights.

5. The display apparatus according to claim 1, further
comprising a distance detection device that detects a dis-
tance of an observer from the center axis,

wherein the display control device forms the partial

images making the visually recognized image visually
recognized in the position of the observer in response
to the detected distance of the observer.

6. The display apparatus according to claim 1, wherein,
supposing that a number of the plurality of projection
devices is n, a diameter of the screen is D, and a diameter of
a virtual circle on which respective pupil positions of the
plurality of projection devices are located around the center
axis is ¢, a diffusion angle & of the screen in the second
direction is expressed by formula (1):

8=360/nx1/(D/p+1) ).

7. The display apparatus according to claim 1, wherein

each of the plurality of projection devices includes:

a light source unit that respectively and individually
outputs three color lights of red, green, and blue in a
time-division manner;

a light modulator that respectively modulates the three
color lights output from the light source unit and forms
color images in response to the three color lights; and

a projection optical unit that projects the color images in
response to the three color lights formed by the light
modulator,

wherein the display control device allows the adjacent
projection devices of the plurality of projection devices
to respectively project the color images in different
colors.



